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Background
As many reports and international statistical updates confirm, public and individual health conditions are worsening throughout time [1] . Even though there is evidence of a reduction of strokes occurrence in the last years, still the incidence in other non-transmissible diseases showed a raise of 3.2%. The World Health Organization (WHO) recognizes obesity and sedentarism, spread globally regardless of socioeconomic level, culture or ethnicity, as main factors for the raising rates of heart diseases, diabetes and cancer [1] . International organizations dealing with health care, as well as many researchers in the same field, stress the fact that the consequences of obesity, physical inactivity, and sedentarism are accentuated if these problems appear in early ages [2, 3] .
Sedentarism, which is defined as participation in low-energy-expenditure activities such as watching television or using computers and tablets, has been strongly associated with several health issues [4] . For instance, authors have demonstrated a significant relation of being inactive with mental diseases or functional somatic symptoms [5, 6] . Fröberg and Raustorp found an association between sedentary behaviors and cardiometabolic risk factor profile in adults, as well as premature all-cause disease mortality [7] . Furthermore, authors found out that it could be linked to higher risk of suffering from diabetes mellitus or metabolic syndrome [8] . The high risk for health when being engaged in sedentary activities is confirmed in studies on adolescents and children, too [9] . Stone and Faulkner state that physical activity (PA) rates have been declining amongst children in recent years, as the youth are more and more engaged in sedentary activities in a home environment, such as video gaming or watching television [10] .
Opposite to sedentarism, PA positively influences the structuring of a healthy lifestyle [11] . Interventions based on increasing PA levels in populations of youth could be more suitable than programs focused on changing nutritional and social habits, which can be affected by contingent variables such as parents' economical condition, social support, or participants' disposition towards keeping established conducts out of the controlled research environment [12] . A positive association between PA and health is demonstrated in many studies [13] . The effects of PA on health are stronger if it is carried out from early ages, as authors found out that active kids are more likely to keep this habit in their adulthood [14] , to have lower Body Mass Index (BMI) in adulthood even if they become inactive, and to have better metabolic parameters and consequently lower risk profile for cardiovascular diseases [15] . Therefore, enhancing PA levels should represent a priority if we aim to improve health in youth, and consequently prevent this population from low quality of life and higher cardiovascular risk in their adulthood.
Though sedentarism and PA can be considered antithetical life conducts that reduce the effect of each other on people's lifestyle, some authors tend to consider them as separate elements, both having an isolated impact on health [16] . However, both behaviors are empowered or attenuated by similar psychological, social and environmental patterns [17, 18, 19] . For instance, authors have pointed out that individuals who regard exercising as important for their lives, are more likely to have higher levels of daily PA and better quality of life [20] . Vernadakis et al. suggested that when individuals consider a certain activity as enjoyable, they are more inclined to engage in it regardless of its active or sedentary character [21] . These outcomes were confirmed by Salmon et al., who found out an association between preference toward sedentary behaviors and decreased likelihood of being physically active [22] . Also, individuals' confidence to overcome specific inactive behaviors can affect their decision to engage in PA, or displace it in time [23] . As regard to social aspects of PA and sedentarism, literature confirms that persons constituting an individual's macro-and micro-community play an important role in the election of a certain lifestyle [24] . Structure and culture of the community in which a person lives can determine his/her choice of being active or engaging in sedentary habits. In addition, parents', peers', and other significants' choices and habits have a direct influence on a person's lifestyle, as he/she will tend to get involved in the same activities [25] . As Dias et al. highlight in their study on perceived obstacles towards leisure-time PA in adolescents, a common reason for not getting involved in exercise is lack of friends or company to engage in PA with [26] . Environment also appears to be a determinant for an active or sedentary life. Researchers and environmental specialists have studied many contextual antecedents of PA and inactivity. Among them, perceived barriers towards PA are considered influential variables for people to decide to be active, as well as for overall intensity and quantity of daily PA [27] . In addition, neighborhood safety is regarded as an essential characteristic for a close environment to foster active lifestyle. In fact, when the neighborhood is perceived as unsafe, youth tend to reduce time spent exercising, whereas they engage more frequently in sedentary activities such as watching television [28] .
Considering the importance of reducing sedentarism at the same time as we promote increased participation in PA in youth, a necessary step for the implementation of active living programs consists of understanding the weight of psychological, social, and contextual factors that influence youth's habits. Thus, the aim of this research is to assess PA levels in a sample of Mexican adolescents; and to estimate psychological, environmental and social predictors of PA in boys and girls from the same sample.
Material and methods

Sample
Firstly, we selected the population for the study with a non-probabilistic technique of sampling based on convenience. The main reason for choosing this technique was the difficulty in covering all the urban areas of Monterrey both in terms of environmental and bureaucratic barriers for approaching school directive boards. Moreover, holding Internet connection and sufficient number of computers were requirements for schools to be considered for the current research, since the data collection was conducted through an on-line system. Eight middle schools were finally selected for the study. Successively, we applied a probabilistic sampling method based on random stratified selection and proportional affixation (with statistical error fixed at 2.5%) to obtain a proportional number of participants from each grade while preserving the original composition of this population by gender, age, and school.
Finally, 480 students (272 boys, 208 girls) composed the sample. Descriptive analysis of participants is described in Table 1 . 
Study Design
We used a non-experimental transversal design with correlational-causal approach. PA was included as the dependent variable, with three levels (low, moderate and high) the independent variables selected for this research were (a) psychological: importance given to PA; enjoyment of sedentary activities; confidence in reducing sedentary activities; (b) environmental: perceived environmental barriers toward PA; perceived neighborhood safety; and (c) social: social support towards PA; and social sedentarism.
Instruments
This study is based on the use of new technologies for collecting data. Specifically, all instruments were recorded and available on a free on-line system called Indares.com, created by the research team of the Centre of Kinantropology of Palacky University of Olomouc (the Czech Republic) and used within the framework of several international projects, including the International Physical Activity and Environmental Network (IPEN). Questionnaires available in the system and used for this study were:
1. International Physical Activity Questionnaire (IPAQ): the questionnaire consists of asking people how long (specifying total number of hours and minutes) they are engaged in different low, moderate and vigorous physical activities during a typical day/week. In addition, individuals were asked to report how long they are completely sedentary in a typical day. A brief description of the activities involved in each of the PA levels studied (including typical daily tasks such as gardening or housework) is provided for the items, to make it understandable. According to the questionnaire structure and guidelines, PA levels are described as follows: (a) low PA corresponds to any walking activities. An average score of 3.3 Metabolic Equivalents of Tasks (METs) is established for low PA; (b) moderate PA corresponds to activities that make people breath slightly harder than normal. An average score of 4.0 METs is established for moderate PA; and (c) vigorous PA refers to activities that make people breath much harder than normal. An average score of 6.0 METS is established for vigorous PA. Validity and reliability of this questionnaire were assessed for several countries, including Mexico [29] . They showed high reliability (Spearman's ρ = .8) and results on criterion validity comparable to other validation studies on self-reported PA (ρ = .3).
2. Spanish version of the IPEN survey: this questionnaire was created by the research group of IPEN project and used in many published works worldwide [30, 31] . A Spanish version of this instrument is available at the official webpage of IPEN project, and was already used in previous research [32] . IPEN survey is composed by several sections asking questions on different variables related to PA and sedentary behaviors. A description of each section, including sample items, score scales and reliability scores calculated for participants in this study is shown in Table 2 . 
Procedure
Researchers firstly informed school principals and Physical Education (PE) teachers in each selected educational center about the aims and characteristics of the project. Directors of human resources in each school proceeded sending the information about the project to students' parents/guardians, who were asked to sign an informed consent allowing their kids to participate. Finally, measurements session dates were set according to the academic calendar of each school, to avoid creating any obstacles to the regular course of classes. During each session, researchers measured participants' height (tape) and weight (electronic scale). Students filled in the required questionnaires electronically, under the supervision of PE teachers and researchers from the project, who helped students with any doubt on the items and any technical problems with the system or Internet connection.
The current research was carried out within the framework of an international project supported by the European Union, and a national project supported by the National Council of Science and Technology of Mexico. Institutional review boards from both Palacky University in Olomouc (CZ) and Autonomous University of Nuevo León approved the research.
Psychological, social and environmental predictors...
Data analysis
All data uploaded to the system, including questionnaires responses and participants' general information, were exported as excel file, and then sent to an SPSS work sheet. Analyses of frequencies for each of the items and variables included were run to confirm that no mistakes were made while filling in the information. In addition, possible outliers for the variables of height, weight and height*weight were studied by means of standard scores and Mahalanobis D2 techniques. Analysis of distribution (skew and kurtosis), reliability, confirmatory factor analysis and correlations were executed for each dimension of the questionnaires. Finally, we used multiple linear regressions (MLR) to assess possible predictors of total weekly PA. Durbin-Watson test, outliers casewise diagnostics, Cook's distance, leverage points, collinearity diagnostic and analysis of tolerance and variance inflection factor (VIF), as well as distribution of residuals, homoscedasticity and linear relationship between dependent and independent variables were tested to confirm validity of the analysis.
Results
METs-minute/week were calculated according to the scoring protocol and the manual for interpreting IPAQ data and were used to assign participants to PA profiles as follows: students declaring at least three days of vigorous PA and a minimum of 1,500 METs, or seven or more days of any activity and a minimum of 3,000 METs, were labeled as high-PA profile (HPA). Those stating three or more days of at least 20 minutes of daily vigorous PA, or five or more days of at least 30 minutes daily walking or moderate PA, or seven or more days of any combination of activities and a minimum of 600 METs, were labeled as moderate-PA profiles (MPA). Finally, those not achieving any of the abovementioned conditions were labeled as low-PA profile (LPA). Table 3 shows results from IPAQ. Note: n = number of participants; METs = metabolic equivalents of tasks; SD = Standard Deviation LPA was composed by 224 students, representing 46.7% of the total sample. Within this profile, 96 were boys (42.9%) and 128 were girls (57.1%). Participants assigned to the MPA represented 33.3% of the total sample, boys being 96 (60%) and girls being 64 (40%). Finally, 96 students (20%) were included in the high-level group, as boys represented 83.3% (n = 80) of this group whereas girls 16.7% (n = 16).
MLR were run for boys and girls separately. Weekly METs was the dependent variable, while importance given to PA, enjoyment of sedentary activities, confidence in reducing sedentary behaviors, social support towards PA, social sedentarism, environmental safety and environmental barriers were the independent variables. Before running the analysis, normal distribution was assessed for the variables included in the model. Since weekly METs did not respect the assumption of normality (skewness = 1.192), a square root transformation was executed. Normal distribution was confirmed for the transformed variable, which was included in the model as the dependent variable (skewness = .288).
Boys MLR model
The model was statistically significant for predicting weekly METs (F 8,95 = 2.463, p = .018, R 2 = .402). The variables: importance given to PA, enjoyment of sedentary activities, and environmental barriers towards PA added statistical significance to the prediction (p < .05). Environmental safety, confidence reducing sedentarism, social sedentarism and social support did not fit significantly into the final model. Regression coefficients and standard errors are shown in Table 4 below. Validity of MLR was assessed by testing the following assumptions. Independence of residuals was confirmed by Durbin-Watson statistic of 1.855. Normal distribution of residuals was examined by means of histogram and P-P plot. Linear relationships and homoscedasticity were checked inspecting scatterplots and partial regression plots. No correlations between variables included in the model had high coefficient (r < ±.456), as well as values for tolerance and VIF were good for the model (tolerance > .285; VIF < 3.508), rejecting possible multicollinearities. Presence of outliers was discarded by running casewise diagnostics of standardized residuals (-1.73 < SR < 2.45), leverage points (Leverage < .15) and influential points (Cook's distance < .076).
Girls MLR model
The model was statistically significant for predicting weekly METs (F 8,91 = 9.429, p < .001, R 2 = .405). The variables: importance given to PA, enjoyment of sedentary activities, confidence reducing sedentarism, social sedentarism, social support and environmental barriers towards PA added statistical significance to the prediction (p < .05). Environmental safety did not fit significantly into the final model. Regression coefficients and standard errors are shown in Table 5 below. Tests were run for assessing the validity of MLR. Independence of residuals was confirmed by Durbin-Watson statistic of 1.749. Normal distribution of residuals was examined by means of histogram and P-P plot. Linear relationships and homoscedasticity were checked inspecting scatterplots and partial regression plots. No correlations between variables included in the model had high coefficient (r < ±.442), as well as values for tolerance and VIF were good for the model (tolerance > .474; VIF < 2.108), rejecting possible multicollinearities. Presence of outliers was discarded by running casewise diagnostics of standardized residuals (-1.68 < SR < 2.21), leverage points (Leverage < .15) and influential points (Cook's distance < .073).
Discussion
The first aim of this study was to assess PA levels in a population of middle school students from the urban area of Monterrey (Mexico). For this reason, following the protocol and scoring rules of IPAQ questionnaire, we assigned participants to three different profiles of PA. HPA students are those participating in moderate to vigorous physical activities several times per week, thus they could be considered not at risk from the point of Psychological, social and environmental predictors... view of keeping a healthy, active lifestyle. In fact, in accordance with WHO recommendations for healthy PA, engaging in any moderate PA at least 30 minutes per day five times a week and any vigorous PA at least 20 minutes per day three times a week can be considered sufficient for attaining strong benefits in one's health state [33] . These requirements are widely met by persons in this profile. As results show, only 20% of the whole sample was assigned to HPA (83.3% being boys, 16.7% being girls), which indicates that only a small proportion of students in our sample achieves active conducts that can be associated with health benefits. MPA profile includes persons who partially satisfy the requirements for healthy active behaviors, for instance they engage in vigorous PA 20 minutes per day three times a week, but they do not engage in sufficient moderate PA. According to WHO, MPA profile provides with lower gain in health parameters, for instance improving individuals' general fitness yet not determining changes in main physiological parameters associated with health [33, 34] . In our study, 33.3% of students were classified as MPA, with higher representation of boys (60%) than girls (40%). Finally, students in LPA do not fulfill any of the international recommendations for healthy PA. Thus, this group has higher risk of suffering from health problems in their adulthood. 46.7% of the sample in this research was found to have LPA profile, this group being composed by 42.9% of boys and 57.1% of girls. LPA profile boys were 35.8% of the overall sample of males, whereas out of the 208 female participants, 61.5% were assigned to this profile. Studies carrying out analysis of PA levels in populations with similar characteristics as ours obtained divergent results. Borracino et al. reported adolescents did not achieve the minimum recommendations for healthy PA, adding that there is a negative trend in engaging in PA through age [35] . Opposite outcomes were obtained by Cocca et al., who found out high levels of PA in a sample of students from middle school in Granada (Spain) [36] . In addition, in our study only 16 girls (7.7% of the sample of females) are included in HPA, whereas 80 boys (29.9%) are considered highly active. This proportions change in MPA and LPA profiles, the majority of girls being in the most at-risk group. These proportions are in line with previous literature on PA levels in boys and girls. Many studies have shown that boys are engaged in higher-intensity PA (such as competitive sports), while girls commonly choose lower-intensity activities, this occurrence being linked to social, cultural and psychological reasons [37] .
The second aim of this study was to analyze models that could explain PA levels in boys and girls separately. Splitting the sample into two groups according to gender was necessary, as theory has largely demonstrated that this variable can represent a major covariate of PA, consequently affecting the results of MLR. Our intention was to describe the validity of models including psychological, social and environmental factors, as well as the weight of each of them in predicting PA. Hence, we decided to avoid possible contaminations of the model due to gender differences. Further, this allowed us to assess which factors were predominant in boys and girls, which could be important if we aim to design specific interventions for raising PA levels in the future. PA levels in both boys and girls were significantly positively predicted by the value they attribute to PA in their life, and negatively by the environmental impediments of the place they live as well as by their enjoyment in carrying out sedentary activities. Nonetheless, while the weight of these variables is similar in boys, for girls enjoying sedentary activities appears to be a less strong predictor. Social sedentarism (how frequently they are engaged in sedentary activities with friends or parents) and their confidence in being able to reduce the amount of time spent in sedentary activities are strong predictors for girls, but do not seem to be significant in boys. In addition, their PA levels are predicted positively by social support given by friends, siblings and parents, while none of the social factors considered in this study predicts PA in boys. Finally, motivation did not fit in any of the models generated by the analysis.
Literature confirms our findings about the importance of a context offering high possibilities of carrying out outdoor physical activity [38] . Also, studies have demonstrated that people being aware of the importance of exercising for their life, are usually more active than those who regard PA as not necessary [39] . Nonetheless, the relation between sedentarism and PA has yet not been clarified, as some authors found slightly significant negative correlation [5] . whereas others affirm that they do not affect each other [16] . Though, all those studies focus mainly on correlating time spent in PA and in sedentary activities, which could reasonably not be related as people can spend time in both activities during a typical day. Since in our study we take into consideration psychological aspects of sedentary behaviors, such as enjoyment, or individuals' confidence to be able to reduce the time they spend in such activities, that could explain why our results are not in line with previous literature. For instance, an aspect to contemplate is that confidence in reducing sedentary time appears to be a negative predictor of PA in girls. This could be interpreted as: "the surer they are of being able to change their sedentary behaviors whenever they want, the less they exercise". No studies were found in the existing literature that attempted to understand the relation between such psychological aspects of sedentarism and PA, thus deeper analysis and more research are required.
In line with literature, social factors were strong predictors for PA levels in girls [40] . However, in our study they were not significant factors in the prediction model for boys, this outcome being in contradiction with previous study. Although there is evidence that social influence drops down through age starting from Psychological, social and environmental predictors... adolescence [40] , yet authors stress that it is strong in both boys and girls until late adolescence [41] , Most of these studies consider only specific variables within the social influence, such as peers' influence, siblings' influence or parent's influence separately. This allows authors to execute a deeper analysis of certain social patterns, though they do not consider other aspects that could be influential. In this study parents', peers' and siblings' influence were considered as one and that could be a reason of discrepancy with existent literature. More detailed analysis of these variables could help us better understand the interaction between social context and PA.
Conclusions
PA levels in middle school students from Monterrey (Mexico) are in general low, consequently interventions should be planned to increase participation in health-related PA amongst youth. Understanding the psychological, social and environmental factors surrounding youth's PA or sedentary habits is fundamental to design suitable interventions that take into consideration the needs of a specific population. PA levels of boys in this study were significantly predicted by the importance they gave to exercising for their life, as well as by the enjoyment of carrying out sedentary activities and by perceived environmental barriers. These should be the main variables to work on when proposing in-or out-of-school PA programs, with the aim of producing significant changes towards more active conducts in boys. On the other hand, if we aim to raise PA levels and participation in physical activities in girls from this population, we should ponder social factors such as parents' and peers' support, who seem to play an important role in girls' decision to be active or not.
More research is required to better understand the interaction and weight of social support (especially in boys) on overall PA levels. In addition, in the future analyzing the mediating effect of variables such as motivation could help as create more complete behavioral models. An interesting issue emerging from this work is represented by psychological indicators related to sedentary behaviors, such as enjoyment or confidence.
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